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ticipants taking hormonal contraception were measured between 
the 3rd and 18th day of the intake period, and women not taking 
hormonal contraception were measured within the follicular 
phase, i.e. between the 5th and 12th day of the menstrual cycle. All 
measurements took place in the morning between 8 and 11 a.m. to 
control for the circadian change of hormones. As psychological 
measures, the Childhood Trauma Questionnaire (CTQ)  [6] , the 
Rejection Sensitivity Questionnaire (RSQ)  [7] , a 14-item emotion 
scale  [8] and the Needs-Threat Questionnaire (NTQ)  [9] were 
used. In addition, we asked the participants to assess aversive inner 
tension, expressed as a percentage of maximal tension. 
 For oxytocin, a significant time × group interaction was ob-
served at t0 and t1 (F = 4.957; d.f. = 1; p = 0.032 * ). BPD subjects 
showed a reduction of oxytocin plasma levels following social ex-
clusion compared to healthy subjects ( fig. 1 b). There were no sig-
nificant effects for time (F = 0.271; d.f. = 1; p = 0.605) or group
(F = 0.987; d.f. = 1; p = 0.327). The RM ANOVA over all four time 
points did not show significant results (time: F = 0.533; d.f. = 2.427; 
p = 0.623; time × group: F = 1.467; d.f. = 2.427; p = 0.234, group:
F = 0.693; d.f. = 1; p = 0.411). Independent sample t test revealed a 
different direction of change in oxytocin levels from t0 to t1 be-
tween healthy controls and BPD patients (t = 2.227; d.f. = 37; p = 
0.032 * ). Baseline oxytocin peripheral levels were not correlated 
with age, severity of clinical symptoms, or most measures of the 
emotional reaction, or related to the menstrual cycle. In the BPD 
group, we found a negative association between physical and emo-
tional abuse during childhood (CTQ) and return of oxytocin levels 
to baseline. The higher the level of emotional (r = –0.449; p = 
0.042 * ) and physical (r = –0.465; p = 0.039 * ) abuse was, the small-
er the change of oxytocin became. Cortisol levels showed no in-
crease following social exclusion and no significant difference be-
tween groups ( fig. 1 c), but a decrease due to circadian decline (RM 
ANOVA: significant effect for time: F = 34.301; d.f. = 1.392; p < 
0.001 * ; but not for time × group interaction: F = 0.882; d.f. = 1.392; 
p = 0.385 or for group difference: F = 0.025; d.f. = 1; p = 0.875). 
There was no correlation between oxytocin and cortisol levels. 
 Inner tension significantly differed between groups with higher 
inner tension in BPD (RM ANOVA: F = 15.716; d.f. = 1; p < 0.001 * ), 
but playing Cyberball did not significantly change the amount of 
inner tension in either group (no time interaction: F = 0.026; d.f. = 
1; p = 0.873 and no time × group interaction: F = 0.104; d.f. = 1;
p = 0.749). All participants reported disregard and exclusion when 
answering the NTQ index questions (mean ratings >3). BPD pa-
tients had a significantly higher rejection sensitivity (RSQ: t = 
–8.474; d.f. = 27; p = < 0.001 * ) and felt more readily excluded than 
controls (NTQ: t = –2.359; d.f. = 35; p = 0.024 * ), even though both 
the BPD and control groups judged ball ownership realistically and 
felt disregarded to a similar extent. However, the exclusion para-
digm had a significantly higher aversive impact on BPD patients 
than on controls (NTQ: aversive impact factor: t = –2.815; d.f. = 
30.751; p = 0.008 * ). After social exclusion, BPD patients remained 
in more pronounced negative emotional states: they experienced 
 Besides affective instability and identity diffusion, borderline 
personality disorder (BPD) patients show impaired interpersonal 
functionality  [1] . Real or perceived loss, feeling isolated and re-
jected often evoke impulsive, self-injurious, and suicidal behavior 
and affective instability in BPD patients  [2] . Recently, altered oxy-
tocin regulation has been suggested to be one mechanism underly-
ing such interpersonal dysfunctions in BPD, i.e. reduced plasma 
oxytocin levels were found in BPD, which were negatively corre-
lated with a history of childhood trauma  [3] . To directly address 
the hypothesis of an altered oxytocin regulation in BPD we ex-
posed 22 women with BPD and 21 healthy controls matched for 
gender, age and education to a social exclusion (ostracism) situa-
tion. Feeling rejected and isolated from others can be experimen-
tally simulated using the Cyberball paradigm, a virtual ball-tossing 
game during which participants are excluded by the other players 
 [4] . Using this paradigm, higher scores of negative emotions were 
observed in BPD patients after exclusion compared to healthy con-
trols and patients felt more readily excluded even when they were 
not  [5] . 
 All patients met DSM-IV criteria of BPD (SCID-II interview). 
Most BPD patients received pharmacological treatment, i.e. anti-
depressants (n = 15), second-generation antipsychotics (n = 14), 
or mood stabilizers (n = 8). All participants played Cyberball in a 
standardized experimental setting. Emotional reactions were as-
sessed by self-rating questionnaires before and after Cyberball and 
oxytocin and cortisol (to assess stress related effects) plasma levels 
were measured at baseline (t0) and 5 (t1), 15 (t2), and 40 min (t3) 
after Cyberball ( fig. 1 a). Tubes were prepared with aprotinin (500 
IU/ml) and afterwards centrifuged at 1,600  g for 15 min and stored 
at –80   °   C prior to the biochemical analyses. Serum cortisol levels 
were determined with an immunoassay analyzer (Elecsys Cortisol 
Test; Roche Diagnostics, Mannheim, Germany). Oxytocin was as-
sessed by a commercially available ELISA kit (Enzo Life Sciences, 
Germany). Special attention was paid to the menstrual cycle. Par-
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more negative emotions during the game (negative mood: t = 
–2.637; d.f. = 36; p = 0.012 * ), and their needs were more threatened 
during the exclusion paradigm than were those of controls (needs: 
t = 3.595; d.f. = 36; p = 0.001 * ). Moreover they showed an increase 
in negative emotions focused on others [RM-ANOVAs: significant 
time (F = 6.065; d.f. = 1; p = 0.019 * ) and group effects (F = 14.474; 
d.f. = 1; p = 0.001 * )], in particular anger (t = –2.251; d.f. = 18; p = 
0.037 * ) and contempt (t = –2.480; d.f. = 18; p = 0.023 * ), whereas 
this was not the case in controls. In this respect, our results basi-
cally replicate a previous study by Renneberg et al.  [5] . 
 The main finding was the differential regulation of oxytocin 
plasma levels in BPD patients and healthy subjects after social ex-
clusion, whereas cortisol levels did not differ between BPD patients 
and controls. Our findings support the notion that an altered reg-
ulation of the oxytocin system may underlay BPD patients’ deficits 
in repairing broken cooperation  [10] . Recently, reduced plasma 
oxytocin levels were found in female BPD patients compared to 
controls  [3] . In contrast, we did not observe a significant difference 
in baseline oxytocin levels between BPD patients and controls; 
however, this may be due to the small sample size. In summary, 
our pilot study shows a reduction of oxytocin plasma levels after 
social exclusion in BPD patients compared to healthy controls. To 
our knowledge, this is the first study investigating oxytocin plasma 
levels during a social exclusion paradigm. 
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 Fig. 1.  a Experimental design: oxytocin and cortisol levels were measured at four time points before and after 
Cyberball.  b Peripheral oxytocin levels.  c Cortisol levels. A repeated measurements ANOVA for baseline and t1 
showed a significant difference for the development over time between BPD patients and healthy controls (HC, 
F = 4.957; d.f. = 1; p = 0.032 * ). Cortisol decreased significantly over time in both groups (F = 34.301; d.f. = 1.392; 
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